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Resear ch Progress of Adsorption Refrigeration Using
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Abstract: Ammonia adsorption refrigeration system is an excellent system with advantages of good cooling capacity and
high performance of mass transfer. It can generate cooling power by using ship’s waste heat, solar energy and industrial
process waste heat, and etc, which is environment friendly and energy saving. Adsorption working pair, heat & mass
transfer and applications of this system were discussed in this paper.

Key words: adsorption refrigeration; ammonia; physical adsorption; chemical adsorption

(1]

CFC  HCFCs

2016-07-22 2017-03-17
E-mail hezh@ms.giec.ac.cn



2 147
/ [6] .
1.1
2] Arrhenius
ZHOU
[3] . MnCl,-NH; CaCl,-NHj; NH4CI-NH;
Clapeyron
[4] _
1.3 /
/
1.2
- [3-10] (8]
/
CaCl, -8NH, + AH, < CaCl, - 4NH,+4NH /
CaCl, -4NH, + AH, <L>CaC12 -2NH,+2NH,
CaCl, -2NH, + AH, <= CaCl,+2NH 28.6% !
Al AN A, AL 2.08 W/mK
AH, AH, AH, T, T, 5.8 16.7%
T, /
1.08 Wm'K
1 mol 8 mol a
75 ~90 0.61 kg/kg
0~15 80
_ coefficient of
- - performance, COP 0.5 ~0.53

[5]

[12]



148

[20] [21]

ZAJACZKOWSKI 1!

13 ~ 15 W/mK _
COP  0.48 ~0.96
2
[22-24]
[25] _
ZHONG
[14-15]
[26] _
0.4 kg/kg
15 35 200 400
0.6 VESELOVSKAYA ! /
80 ~90
COP 0.54
specific cooling power,
SCP 300 ~ 680 W/kg GREKOVA 7 (1]
BaCl, BaBrn, COP /
1.2 kW/kg 2kg/h YAN M cacl, /
Lu E7
90.05 126 22 -7.5
mg/g  859.85 mg/g 40 s 2 min
9 SCP  COP 17.6 kg/h 369.1 W/kg
0.2
Ly M -35
[1]
0.537 kg/kg CRITOPH™*®!

200 ~ 700 W/kg



2 149
= zHu ¥
5 40 Ml’lClz-CaClz-NH3
200 COP 0.9 1706 kl/kg
1.07 kW
[29] / _
4
85
30 -15
2.6 kW B9 SrCl,-NH,CI-NH;
70
-25
80 25
=25 COP SCP
0.25 160 W/kg 85
5 COoP 4%
SCP 10% METCALF Pl
COP [1] : : : [M].

Ccop 1.53 : ,2007: 97.

[2] ASKALANY A A, SALEM M, ISMAEL I M, et al. An

3 overview on adsorption pairs for cooling[J]. Renewable
and sustainable energy reviews, 2013, 19: 565-572. DOI:
10.1016/j.rser.2012.11.037.

[3] } } -
/ / [J]. ,
/ 2002, 23(4): 476-478. DOIL: 10.3321/j.issn:0253-231X.
[4] SITCTAISHAN 2002.04.023.
[4] - —
- [D]. : ,2013.
[3] ; , .
_ 1. , 2003,
[32] 33(3): 469-475. DOIL: 10.3969/j.issn.1672-5174.2003.03.
018.
a (6] , , .. -
[J]. E : ,
956 kW SCP 2004, 34(3): 268-279. DOL 10.3321/j.issn:1006-9275.
53] 2004.03.004.

177.67 W/kg [7] ZHOU Z S, WANG L W, JIANG L, et al
Non-equilibrium sorption performances for composite
sorbents of chlorides-ammonia working pairs for
refrigeration[J]. International journal of refrigeration,
2016, 65: 60-68. DOI: 10.1016/j.ijrefrig.2015.11.014.

[34] (8] [D].
ORC ,2011.
/ - [9] . /
ORC [D]. : ,2012.

WANG K, WU JY, WANG R Z, et al. Effective thermal



150

[14]

[16]

[17]

[18]

conductivity of expanded graphite-CaCl, composite
adsorbent for chemical adsorption chillers[J]. Energy
conversion and management, 2006, 47(13/14): 1902-1912.
DOI: 10.1016/j.enconman.2005.09.005.

LIT X, WANG R Z, WANG L W, et al. Study on the
heat transfer and sorption characteristics of a
consolidated composite sorbent for solar-powered
thermochemical cooling systems[J]. Solar energy, 2009,
83(9): 1742-1755. DOL: 10.1016/j.so0lener.2009.06.013.

[J]. ( ),
2014, 19(1): 42-46. DOTI: 10.3969/j.issn.1007-7405.2014.
01.008.
ZAJACZKOWSKI B, KROLICKI Z, JEZOWSKI A.
New type of sorption composite for chemical heat pump
and refrigeration systems[J]. Applied thermal engineering,
2010, 30(11/12): 1455-1460. DOI: 10.1016/j.applthermaleng.
2010.03.005.
ZHONG Y, CRITOPH R E, THORPE R N, et al.
Dynamics of BaCl,-NH; adsorption pair[J]. Applied
thermal engineering, 2009, 29(5/6): 1180-1186. DOI:
10.1016/j.applthermaleng.2008.06.015.
ZHONG Y, CRITOPH R E, THORPE R N, et al.
Isothermal sorption characteristics of the BaCl,-NHj; pair
in a vermiculite host matrix[J]. Applied thermal
engineering, 2007, 27(14/15): 2455-2462. DOI: 10.1016/
j-applthermaleng.2007.02.011.
VESELOVSKAYA J V, CRITOPH R E, THORPE R N,
et al. Novel ammonia sorbents “porous matrix modified
by active salt” for adsorptive heat transformation: 3.
Testing of “BaCly/vermiculite” composite in a lab-scale
adsorption chiller[J]. Applied thermal engineering, 2010,
30(10): 1188-1192. DOI: 10.1016/j.applthermaleng.2010.
01.035.
GREKOVA A D, VESELOVSKAYA J V, TOKAREV M
M, et al. Novel ammonia sorbents “porous matrix modified
by active salt” for adsorptive heat transformation: 5.
Designing the composite adsorbent for ice makers[J].
Applied thermal engineering, 2012, 37: 80-86. DOI:
10.1016/j.applthermaleng.2012.01.005.
YAN T, LI T X, LI H, et al. Experimental study of the
ammonia adsorption characteristics on the composite
sorbent of CaCl, and multi-walled carbon nanotubes[J].
International journal of refrigeration, 2014, 46: 165-172.
DOI: 10.1016/j.ijrefrig.2014.02.014.
LIT X, WANG R Z, KIPLAGAT J K, et al. Performance
study of a consolidated manganese chloride-expanded
graphite compound for sorption deep-freezing processes[J].
Applied energy, 2009, 86(7/8): 1201-1209. DOI: 10.1016/
j-apenergy.2008.06.004.

s

. , 2010, 13(2): 15-20. DOIL: 10.3969/

j.issn.1672-4887.2010.02.005.
B B bl . /
] ,2011, 31(5): 56-59.

H H 5 .

0. , 1993, 14(2): 101-104.

[23]

[24]

[26]

[27]

[31]

[32]

[D]. : ,2001.
WANG L W, WANG R Z, WU J Y, et al. Compound
adsorbent for adsorption ice maker on fishing boats[J].

International journal of refrigeration, 2004, 27(4):
401-408. DOLI: 10.1016/j.ijrefrig.2003.11.010.

. , 2004, 26(5):
409-411, 417. DOI: 10.3969/j.issn.1007-6735.2004.05.006.

[J1. , 2013, 31(2): 6-9. DOIL:
10.3969/j.issn.1007-7804.2013.02.003.
LU Z S, WANG R Z, LI T X, et al. Experimental
investigation of a novel multifunction heat pipe solid
sorption icemaker for fishing boats using CaCly/activated
carbon compound-ammonia[J]. International journal of
refrigeration, 2007, 30(1): 76-85. DOI: 10.1016/j.ijrefrig.
2006.07.001.
CRITOPH R E. Forced convection adsorption cycle with
packed bed heat regeneration[J]. International journal of
refrigeration, 1999, 22(1): 38-46. DOI: 10.1016/S0140-
7007(97)00036-4.

H s 5

. CaClz-BaCIZ-NH3

1.
,2011,45(9): 1389-1394.
SI’C]Z—NH4C1-NH3
[J1. , 2012,
63(4): 1004-1010. DOI: 10.3969/j.issn.0438-1157.2012.
04.002.
METCALF S J, CRITOPH R E, TAMAINOT-TELTO Z.
Optimal cycle selection in carbon-ammonia adsorption

cycles[J]. International journal of refrigeration, 2012,
35(3): 571-580. DOLI: 10.1016/j.ijrefrig.2011.11.006.

b} s s

[D]. : ,2014.
[D]. : ,2012.

[D]. : ,2015.
ZHU F Q, JIANG L, WANG L W, et al. Experimental
investigation on a MnCl,-CaCl,-NHj3 resorption system

for heat and refrigeration cogeneration[J]. Applied energy,
2016, 181: 29-37. DOI: 10.1016/j.apenergy.2016.08.015.

1986-)

1983-



